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RESONANCE STRUCTURE OF BULK resonance state after total reflection . If the frequency of the 
ACOUSTIC WAVE RESONATOR later wave resonance effect is too close to the frequency of 

the vertical wave resonance , then the vertical wave reso 
FIELD OF THE INVENTION nance effect will be interfered such that the filter character 

5 istic of the bulk acoustic wave resonator 14 is impacted . 
The present invention relates to a resonance structure of Please refer to FIG . 9G , which shows the frequency 

bulk acoustic wave resonator , especially a resonance struc - response graph of the bulk acoustic wave resonator of 
ture of bulk acoustic wave resonator having a contour conventional technology . S , , is the ratio of the transmission 
formed by at least three curved edges . electromagnetic wave and the incident electromagnetic 

wave , while S21 is the ratio of the reflection electromagnetic BACKGROUND OF THE INVENTION wave and the incident electromagnetic wave . The spurious 
Bandpass filter used in the global communication sys modes in FIG . 9G are the spurious modes appeared between 

tems , especially the bulk acoustic wave resonator ( BAW the lowest point of Su and the lowest point of S21 . These 
Resonator ) having the operating frequency suitable for 15 spurious modes will seriously affect the filter characteristic 
above 2 GHz . Please refer to FIGS . 9A and 9B , which show of the bulk acoustic wave resonator 14 . 
the sectional schematic views of the bulk acoustic wave FIG . 9H shows the top view of another bulk acoustic 
resonator of conventional technology and demonstrate the wave resonator of conventional technology and demon 
schematic diagrams of the vibration of the piezoelectric strates the schematic diagram of the lateral wave . The 
material in the vertical direction inducing the vibration in the 20 contour 15 of the bulk acoustic wave resonator is a convex 
horizontal direction . The structure of the bulk acoustic wave quadrilateral . Thereby the required distance for the lateral 
resonator 14 usually provides a piezoelectric material 12 wave within the contour 15 to reach the lateral wave 
sandwiched by a bottom electrode 11 and a top electrode 13 . resonance effect has been lengthened . Hence , the energy of 
Applying an electric field between the top electrode 13 and the lateral wave resonance effect will be reduced , or the 
the bottom electrode 11 , utilizing the characteristics of the 25 frequency of the lateral wave resonance will depart from the 
piezoelectric material , to convert electrical energy into frequency of the vertical wave resonance . However conven 
mechanical energy for generating the vertical wave reso - tional technology did not disclose the technical solution of 
nance effect in vertical direction such that the high frequency a bulk acoustic wave resonator having a contour formed by impedance in certain frequency range is very small , there at least three curved edges . fore the purpose of bandpass filtering is achieved while 30 * * Accordingly , the present invention has developed a new combining several resonators . However the vibration of the design which may avoid the above mentioned drawbacks , piezoelectric material 12 in vertical direction usually accom may significantly enhance the performance of the devices panies with the vibration in horizontal direction , thereby the 
lateral wave is induced . FIG . 9A shows that when the and may take into account economic considerations . There 
piezoelectric material 12 is extending along the vertical 35 fore , the present invention then has been invented . 
direction , the compression of the piezoelectric material 12 
along horizontal direction is accompanied . While FIG . 9B SUMMARY OF THE INVENTION 
shows that when the piezoelectric material 12 is compressed 
along the vertical direction , the extension of the piezoelec The main technical problem that the present invention is 
tric material 12 along horizontal direction is accompanied . 40 seeking to solve is how to effectively remove the spurious 
Furthermore , please also refer to FIG . 9C , which shows the mode in order to reduce the impact of the spurious mode on 
sectional schematic view of the bulk acoustic wave resona - the filter characteristic of the bulk acoustic wave resonator . 
tor of conventional technology and demonstrates the sche - In order to solve the problems mentioned the above and 
matic diagram of the electric field applied between the top to achieve the expected effect , the present invention provides 
electrode and the bottom electrode . The electric field applied 45 a resonance structure of bulk acoustic wave resonator com 
between the top electrode 13 and the bottom electrode 11 has prising a bottom electrode , a dielectric layer and a top 
the horizontal component near the boundary of the contour electrode . The dielectric layer formed on the bottom elec 
of the bulk acoustic wave resonator 14 , thereby the electrical trode . The top electrode formed on the dielectric layer . A 
energy of the piezoelectric material 12 in horizontal direc resonance area is defined by the overlapping area of the 
tion is converted into mechanical energy to induce the lateral 50 projection of the bottom electrode , the dielectric layer and 
wave in horizontal direction . the top electrode . The resonance area has a contour . The 

Please refer to FIG . 9D , FIG . 9E and FIG . 9F , which show contour includes at least three curved edges and is formed by 
the top views of the bulk acoustic wave resonator of con connecting the at least three curved edges , wherein each ventional technology and demonstrate the schematic dia curved edge is concave to a geometric center of the contour . grams of three types of resonance states of the lateral wave 55 Instead of the straight line edges of the convex quadrilateral respectively . The lateral wave caused by the two factors of conventional technology , the contour of the resonance mentioned the above after total reflection within the bulk structure of the bulk acoustic wave resonator of the present acoustic wave resonator may have the opportunity to reach 
the lateral wave resonance effect in horizontal direction . The invention is formed by the curved edges . Thereby the 
later wave resonance effect also called spurious mode . FIG . 60 resonant path of the lateral wave is lengthened such that the 
9D shows that the lateral wave within the contour 15 ( a energy of the spurious mode is reduced in order to suppress 
rectangle contour ) of the bulk acoustic wave resonator of the spurious mode close to the frequency of the vertical 
conventional technology reaches the resonance state in the wave resonance , and / or the frequency of the lateral wave 
left and right direction . FIG . 9E shows that the lateral wave resonance is departing from the frequency of the vertical 
within the contour 15 reaches the resonance state in the 65 wave resonance . Therefore the impact of the spurious mode 
forward and backward direction . FIG . 9E shows that the on the filter characteristic of the bulk acoustic wave reso 
lateral wave within the contour 15 reaches another type of nator is reduced . 
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( 12 , - 4 ) a cd sin 

de 

In an embodiment , the at least three curved edges include The present invention further provides a resonance struc 
at least one selected from the group consisting of an ellip - ture of bulk acoustic wave resonator comprising a bottom 
tical arc , a circular arc , a parabolic arc , a hyperbolic arc and electrode , a dielectric layer and a top electrode . The dielec 
a cycloidal arc . tric layer formed on the bottom electrode . The top electrode 

In an embodiment , the at least three curved edges include 5 formed on the dielectric layer . Aresonance area is defined by 
the overlapping area of the projection of the bottom elec even number of curved edges , a chord having a chord length trode , the dielectric layer and the top electrode . The reso a is formed by connecting two endpoints of each curved nance area has a contour . The contour includes at least three edge , a sagitta d is defined as the maximum distance curved edges and at least one linking curved edge and is between each curved edge and its corresponding chord , formed by connecting the at least three curved edges and the 

wherein : at least one linking curved edge , wherein each curved edge 
is concave to a geometric center of the contour , each linking 
curved edge is convex to the geometric center , wherein a 
number of the at least three curved edges is greater than or 
equal to a number of the at least one linking curved edge , 

15 two endpoints of each linking curved edge are connected 
with two curved edges respectively . Instead of the straight In an embodiment , the at least three curved edges include line edges of the convex quadrilateral of conventional tech odd number of curved edges , a chord having a chord length nology , the contour of the resonance structure of the bulk a is formed by connecting two endpoints of each curved acoustic wave resonator of the present invention is formed 

edge , a sagittad is defined as the maximum distance 20 by the curved edges , and furthermore by using the linking 
between each curved edge and its corresponding chord , curved edge to remove the singular point of the contour to 
wherein : form a smooth curve contour . Thereby the resonant path of 

the lateral wave is further lengthened such that the energy of 
the spurious mode is reduced in order to suppress the 

25 spurious mode close to the frequency of the vertical wave 
resonance , and / or the frequency of the lateral wave reso 
nance is departing from the frequency of the vertical wave 

In an embodiment , the at least three curved edges include resonance . Therefore the impact of the spurious mode on the 
at least one circular arc , a chord is formed by connecting two filter characteristic of the bulk acoustic wave resonator is 

reduced . endpoints of each curved edge , a center of each circular arc 30 In an embodiment , the contour formed by connecting the is located on a perpendicular bisector of the corresponding Onong at least three curved edges and the at least one linking curved 
chord . edge is a smooth curve without the presence of a singular In an embodiment , each circular arc is a minor arc or a point . 
semi - circle . In an embodiment , the number of the at least three curved 

In an embodiment , each circular arc has the same arc 35 edges is equal to the number of the at least one linking 
length . curved edge , two endpoints of each curved edge are con 

In an embodiment , each curved edge is a circular arc . nected with two linking curved edges respectively . 
In an embodiment , a chord is formed by connecting two In an embodiment , a ratio of a length of each linking 

endpoints of each curved edge , a convex polygon is formed curved edge and a length of any one of the two curved edges 
by connecting all chords . 40 adjacent to the linking curved edge is between 1 : 5 and 1 : 50 . 

In an embodiment , the at least three curved edges include In an embodiment , the at least three curved edges include 
three curved edges , the convex polygon is a triangle , each at least one selected from the group consisting of an ellip 
interior angle of the convex polygon is greater than or equal tical arc , a circular arc , a parabolic arc , a hyperbolic arc and 
to 45º and less than or equal to 90° . a cycloidal arc . 

In an embodiment , the at least three curved edges include 45 In an embodiment , the at least three curved edges include 
four curved edges , the convex polygon is a convex quadri - even number of curved edges , a chord having a chord length 
lateral , each interior angle of the convex polygon is greater a is formed by connecting two endpoints of each curved 
than or equal to 60° and less than or equal to 135º . edge , a sagitta d is defined as the maximum distance 

In an embodiment , the at least three curved edges include between each curved edge and its corresponding chord , 
five curved edges , the convex polygon is a convex pentagon , 50 wherein : 
each interior angle of the convex polygon is greater than or 
equal to 65º and less than or equal to 170º . 

In an embodiment , a chord is formed by connecting two 
endpoints of each curved edge , at least one of the curved 
edges is symmetric with respect to a perpendicular bisector 55 
of the corresponding chord . In an embodiment , the at least three curved edges include In an embodiment , a chord is formed by connecting two odd number of curved edges , a chord having a chord length endpoints of each curved edge , each curved edge is sym a is formed by connecting two endpoints of each curved metric with respect to a perpendicular bisector of the cor edge , a sagitta d is defined as the maximum distance responding chord . between each curved edge and its corresponding chord , In an embodiment , a chord is formed by connecting two wherein : endpoints of each curved edge , each curved edge is located 
within the range between two perpendicular lines perpen 
dicular to the corresponding chord and passing through two 
endpoints of the corresponding chord respectively . 

In an embodiment , each curved edge has the same curved 
edge length . 

( 12 , = a < ds 

60 

ia < a se < d < 
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In an embodiment , the at least three curved edges include FIG . 1F is the frequency response graph of an embodi 
at least one circular arc , a chord is formed by connecting two ment having four curved edges of a resonance structure of 
endpoints of each curved edge , a center of each circular arc bulk acoustic wave resonator of the present invention as 
is located on a perpendicular bisector of the corresponding shown in FIG . 1E . 
chord . 5 FIG . 1G is the frequency response graph of another 

In an embodiment , each circular arc is a minor arc or a embodiment having four curved edges of a resonance struc 
semi - circle . ture of bulk acoustic wave resonator of the present invention 

In an embodiment , each circular arc has the same arc a s shown in FIG . IE . FIG . 1H is a top view of another embodiment having four length . 
In an embodiment , each curved edge is a circular arc . 10 curved edges of a resonance structure of bulk acoustic wave 

resonator of the present invention . In an embodiment , a chord is formed by connecting two FIG . 11 is a top view of another embodiment having four endpoints of each curved edge , a convex polygon is formed curved edges of a resonance structure of bulk acoustic wave by extending all chords and connecting all the extended resonator of the present invention . chords , wherein the number of the at least three curved 15 FIG . 2A is a top view of an embodiment having five edges is equal to a number of the sides of the convex curved edges of a resonance structure of bulk acoustic wave polygon . resonator of the present invention . 
In an embodiment , the at least three curved edges include FIG . 2B is a top view of another embodiment having five 

three curved edges , the convex polygon is a triangle , each curved edges of a resonance structure of bulk acoustic wave 
interior angle of the convex polygon is greater than or equal 20 resonator of the present invention . 
to 45° and less than or equal to 90° . FIG . 2C is a top view of a resonance structure of bulk 

In an embodiment , the at least three curved edges include acoustic wave resonator having a regular pentagon contour . 
four curved edges , the convex polygon is a convex quadri FIG . 2D is the frequency response graph of a resonance 
lateral , each interior angle of the convex polygon is greater structure of bulk acoustic wave resonator having a regular 
than or equal to 60° and less than or equal to 135º . 25 pentagon contour as shown in FIG . 2C . 

In an embodiment , the at least three curved edges include FIG . 2E is the frequency response graph of an embodi 
five curved edges , the convex polygon is a convex pentagon , ment having five curved edges of a resonance structure of 
each interior angle of the convex polygon is greater than or bulk acoustic wave resonator of the present invention as 
equal to 65º and less than or equal to 170º . shown in FIG . 2B . 

In an embodiment , a chord is formed by connecting two wo 30 FIG . 2F is the frequency response graph of another 
embodiment having five curved edges of a resonance struc endpoints of each curved edge , at least one of the curved ture of bulk acoustic wave resonator of the present invention edges is symmetric with respect to a perpendicular bisector as shown in FIG . 2B . of the corresponding chord . FIG . 2G is a top view of another embodiment having five In an embodiment , a chord is formed by connecting two 35 8 TWO 35 curved edges of a resonance structure of bulk acoustic wave endpoints of each curved edge , each curved edge is sym resonator of the present invention . metric with respect to a perpendicular bisector of the cor FIG . 3A is a top view of an embodiment having three responding chord . curved edges of a resonance structure of bulk acoustic wave 

In an embodiment , a chord is formed by connecting two resonator of the present invention . 
endpoints of each curved edge , each curved edge is located 40 FIG . 3B is a top view of another embodiment having three 
within the range between two perpendicular lines perpen - curved edges of a resonance structure of bulk acoustic wave 
dicular to the corresponding chord and passing through two resonator of the present invention . 
endpoints of the corresponding chord respectively . FIG . 3C is a top view of a resonance structure of bulk 

In an embodiment , each curved edge has the same curved acoustic wave resonator having an equilateral triangle con 
edge length . 45 tour . 

In an embodiment , each linking curved edge has the same FIG . 3D is the frequency response graph of a resonance 
linking curved edge length . structure of bulk acoustic wave resonator having an equi 

For further understanding the characteristics and effects of lateral triangle contour as shown in FIG . 3C . 
the present invention , some preferred embodiments referred FIG . 3E is the frequency response graph of an embodi 
to drawings are in detail described as follows . 50 ment having three curved edges of a resonance structure of 

bulk acoustic wave resonator of the present invention as 
BRIEF DESCRIPTION OF DRAWINGS shown in FIG . 3B . 

FIG . 4A is a top view of an embodiment having six curved 
FIG . 1A is a sectional schematic view of an embodiment edges of a resonance structure of bulk acoustic wave reso 

of a resonance structure of bulk acoustic wave resonator of 55 nator of the present invention . 
the present invention . FIG . 4B is a top view of another embodiment having six 

FIG . 1B is a top view of an embodiment having four curved edges of a resonance structure of bulk acoustic wave 
curved edges of a resonance structure of bulk acoustic wave resonator of the present invention . 
resonator of the present invention . FIG . 4C is a top view of another embodiment having six 

FIG . 1C is an exploded view of the curved edge of FIG . 60 curved edges of a resonance structure of bulk acoustic wave 
1B . resonator of the present invention . 

FIG . 1D is an embodiment of a symmetric curved edge of FIG . 5A is a top view of an embodiment having four 
a resonance structure of bulk acoustic wave resonator of the curved edges of a resonance structure of bulk acoustic wave 
present invention . resonator of the present invention . 

FIG . 1E is a top view of another embodiment having four 65 FIG . 5B is a top view of another embodiment having four 
curved edges of a resonance structure of bulk acoustic wave curved edges of a resonance structure of bulk acoustic wave 
resonator of the present invention . resonator of the present invention . 
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FIG . 5C is a top view of another embodiment having four edge 62 and curved edge 63 ) is concave to a geometric 
curved edges of a resonance structure of bulk acoustic wave center 7 of the contour 5 . Please also refer to FIG . 1C , which 
resonator of the present invention . is an exploded view of the curved edge of FIG . 1B . A chord 

FIG . 5D is a top view of another embodiment having four 8 is formed by connecting two endpoints of each curved 
curved edges of a resonance structure of bulk acoustic wave 5 edge 6 ( that is : a chord 80 is formed by connecting two 
resonator of the present invention . endpoints of curved edge 60 ; a chord 81 is formed by 

FIG . 6A is a top view of an embodiment having five connecting two endpoints of curved edge 61 ; a chord 82 is 
curved edges of a resonance structure of bulk acoustic wave formed by connecting two endpoints of curved edge 62 ; and 
resonator of the present invention . a chord 83 is formed by connecting two endpoints of curved 

FIG . 6B is a top view of another embodiment having five 10 edge 63 ) . Each chord 8 has a chord length a ( that is : the 
curved edges of a resonance structure of bulk acoustic wave chord 80 has a chord length al ; the chord 81 has a chord 
resonator of the present invention . length al ; the chord 82 has a chord length a2 , and the chord 

FIG . 6C is a top view of another embodiment having five 83 has a chord length a3 ) . A sagitta d is defined as the 
curved edges of a resonance structure of bulk acoustic wave maximum distance between each curved edge 6 and its 
resonator of the present invention . 15 corresponding chord 8 ( that is : the curved edge 60 and the 

FIG . 7A is a top view of an embodiment having three chord 80 has a maximum distance sagitta d0 ; the curved 
curved edges of a resonance structure of bulk acoustic wave edge 61 and the chord 81 has a maximum distance sagitta 
resonator of the present invention . dl ; the curved edge 62 and the chord 82 has a maximum 

FIG . 7B is a top view of another embodiment having three distance sagitta d2 ; and the curved edge 63 and the chord 83 
curved edges of a resonance structure of bulk acoustic wave 20 has a maximum distance sagitta d3 ) . A convex quadrilateral 
resonator of the present invention . is formed by connecting four chords 8 ( the chord 80 , the 

FIG . 8A is a top view of an embodiment having six curved chord 81 , the chord 82 and the chord 83 ) . An angle o is 
edges of a resonance structure of bulk acoustic wave reso defined between each chord 8 and its adjacent chord ( that is : 
nator of the present invention . an angle 0 , is defined between the chord 83 and the chord 

FIG . 8B is a top view of another embodiment having six 25 80 ; an angle e , is defined between the chord 80 and the 
curved edges of a resonance structure of bulk acoustic wave chord 81 ; an angle 0 , is defined between the chord 81 and 
resonator of the present invention . the chord 82 ; and an angle 02 is defined between the chord 

FIG . 8C is a top view of another embodiment having six 82 and the chord 83 ) . Four angles 0 ( 0o , 01 , 02 and 03 ) are 
curved edges of a resonance structure of bulk acoustic wave respectively four interior angles of the convex quadrilateral . 
resonator of the present invention . 30 As shown in FIG . 1C , each chord 8 has a perpendicular 

FIG . 9A and FIG . 9B are the sectional schematic views of bisector 9 . A perpendicular line 90 and a perpendicular line 
the bulk acoustic wave resonator of conventional technology 91 are perpendicular to the chord 8 and pass through two 
and demonstrate the schematic diagrams of the vibration of endpoints of the curved edge 6 respectively . Assume the 
the piezoelectric material in the vertical direction inducing chord 8 is an X - axis and the perpendicular bisector 9 is a 
the vibration in the horizontal direction . 35 Y - axis , then the curved edge 6 would be a concave down 

FIG . 9C is the sectional schematic view of the bulk ward function and the curved edge 6 would be within the 
acoustic wave resonator of conventional technology and range between the perpendicular line 90 and the perpen 
demonstrates the schematic diagram of the electric field dicular line 91 . As shown in FIG . 1C , the curved edge 6 is 
applied between the top electrode and the bottom electrode . asymmetric with respect to the perpendicular bisector 9 of 

FIG . 9D , FIG . 9E and FIG . 9F are the top views of the 40 the chord 8 . Each of curved edges 6 ( curved edge 60 , curved 
bulk acoustic wave resonator of conventional technology edge 61 , curved edge 62 and curved edge 63 ) may be an 
and demonstrate the schematic diagrams of three types of elliptical arc , a circular arc , a parabolic arc , a hyperbolic arc 
resonance states of the lateral wave respectively . or a cycloidal arc . It also may be an arc of other function . In 

FIG . 9G is the frequency response graph of the bulk the embodiment of FIG . 1B , four curved edges 6 ( curved 
acoustic wave resonator of conventional technology . 45 edge 60 , curved edge 61 , curved edge 62 and curved edge 

FIG . 9H the top view of another bulk acoustic wave 63 ) are four non - identical curved edges . Four curved edges 
resonator of conventional technology and demonstrates the 6 are four different kinds of arcs respectively . And four 
schematic diagram of the lateral wave . curved edges 6 have different curved edge lengths respec 

tively . The four chords 8 corresponding to four curved edges 
DETAILED DESCRIPTIONS OF PREFERRED 50 6 have different chord lengths a respectively . Four curved 

EMBODIMENTS edges 6 and their corresponding chords 8 have different 
maximum distance sagittas d respectively . Four curved 

Please refer to FIG . 1A and FIG . 1B , which are respec edges 6 are respectively asymmetric with respect to the 
tively a sectional schematic view and a top view of an perpendicular bisectors 9 of their corresponding chords 8 . 
embodiment having four curved edges of a resonance struc - 55 The convex quadrilateral formed by connecting four chords 
ture of bulk acoustic wave resonator of the present inven - 8 has four different interior angles 8 . Instead of the straight 
tion . FIG . 1A shows that the structure of the embodiment line edges of the convex quadrilateral , the contour of the 
comprises a bottom electrode 1 , a dielectric layer 2 and a top resonance structure of the bulk acoustic wave resonator of 
electrode 3 . The dielectric layer 2 is formed on the bottom the present invention is formed by the curved edges . 
electrode 1 . The top electrode 3 is formed on the dielectric 60 Thereby the resonant path of the lateral wave is lengthened 
layer 2 . A resonance area 4 is defined by the overlapping area such that the energy of the spurious mode is reduced in order 
of the projection of the bottom electrode 1 , the dielectric to suppress the spurious mode close to the frequency of the 
layer 2 and the top electrode 3 . FIG . 1B shows that the vertical wave resonance , and / or the frequency of the lateral 
resonance area 4 of the embodiment has a contour 5 . The wave resonance is departing from the frequency of the 
contour 5 includes four curved edges 6 ( curved edge 60 , 65 vertical wave resonance . Therefore the impact of the spuri 
curved edge 61 , curved edge 62 and curved edge 63 ) . Each ous mode on the filter characteristic of the bulk acoustic 
of curved edges 6 ( curved edge 60 , curved edge 61 , curved wave resonator is reduced . In an embodiment , each interior 
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angle of the convex quadrilateral is greater than or equal to Please refer to FIG . 1E , which is a top view of another 
60° and less than or equal 135º . In a preferable embodiment , embodiment having four curved edges of a resonance struc 
the relation between the sagitta d and the chord length a is : ture of bulk acoustic wave resonator of the present inven 

tion . The main structure of the embodiment is mostly similar 
5 to the structure of the embodiment shown in FIG . 1B , except 

that four curved edges 6 ( curved edge 60 , curved edge 61 , 
curved edge 62 and curved edge 63 ) are four identical 
curved edges . Four curved edges 6 are all circular arc . The 

thereby the impact of the spurious mode on the filter 10 circular arc may be a minor arc or a semi - circle . A center 
characteristic of bulk acoustic wave resonator is reduced . ( not shown in Figure ) of the circular arc is located on a 

In all the embodiments of the present invention , the perpendicular bisector 9 of the corresponding chord 8 . And 
number of the curved edges 6 is greater than or equal to 3 . all the four curved edges 6 have the same curved edge 
In an embodiment , the main structure is mostly similar to the length . All the four chords 8 corresponding to four curved 
structure of the embodiment shown in FIG . 1B , except that 15 edges 6 have the same chord lengths a . All the four curved 
part of the four curved edges 6 are the same kind of arc ( For edges 6 and their corresponding chords 8 have the same 
example : the curved edge 60 is an elliptical arc , the curved maximum distance sagittas d . All the four curved edges 6 are 
edge 61 is a parabolic arc , and the curved edge 62 and the symmetric with respect to the perpendicular bisectors 9 of 
curved edge 63 are circular arc ) . In another embodiment , the the corresponding chords 8 . All the interior angles e of the 
main structure is mostly similar to the structure of the 20 convex quadrilateral which is formed by the four chords 8 
embodiment shown in FIG . 1B , except that all the four are the same ( that is : 0 . = 0 , = 0 , = 0 ; = 90° ) . 
curved edges 6 are the same kind of arc ( For example : the Please refer to FIG . 1F , which is the frequency response 
curved edge 60 , the curved edge 61 , the curved edge 62 and graph of an embodiment having four curved edges of a 
the curved edge 63 are all circular arc ) . In an embodiment , resonance structure of bulk acoustic wave resonator of the 
the main structure is mostly similar to the structure of the 25 present invention as shown in FIG . 1E . The four curved 
embodiment shown in FIG . 1B , except that part of the four edges 6 are all semi - circle . And the relation between the 

have the same curved edge length . In another sagitta d and the chord length a is : 
embodiment , the main structure is mostly similar to the 
structure of the embodiment shown in FIG . 1B , except that 
all the four curved edges 6 have the same curved edge 30 dan length . In an embodiment , the main structure is mostly 
similar to the structure of the embodiment shown in FIG . 1B , 
except that part of the four chords 8 have the same chord S , , is the ratio of the transmission electromagnetic wave and length a . In another embodiment , the main structure is the incident electromagnetic wave , while S21 is the ratio of mostly similar to the structure of the embodiment shown in 35 the reflection electromagnetic wave and the incident elec FIG . 1B , except that all the chords 8 have the same chord tromagnetic wave . Compare to FIG . 9G which is the fre length a . In an embodiment , the main structure is mostly quency response graph of the bulk acoustic wave resonator 
similar to the structure of the embodiment shown in FIG . 1B , of conventional technology , in FIG . 1F the spurious modes except that part of the four curved edges 6 and their appeared between the lowest point of Su and the lowest corresponding chords 8 have the same maximum distance 40 point of S21 is significantly suppressed , or the frequency of sagitta d . In another embodiment , the main structure is the spurious modes depart from the range between the 
mostly similar to the structure of the embodiment shown in lowest point of Su and the lowest point of S21 . Please refer FIG . 1B , except that all the four curved edges 6 and their to FIG . 16 , which is the frequency response graph of corresponding chords 8 have the same maximum distance another embodiment having four curved edges of a reso sagitta d . Please also refer to FIG . 1D , which is an embodi - 45 nance structure of bulk acoustic wave resonator of the ment of a symmetric curved edge of a resonance structure of present invention as shown in FIG . 1E . The four curved bulk acoustic wave resonator of the present invention . The edges 6 are all minor arc . And the relation between the 
main structure of the embodiment is mostly similar to the sagitta d and the chord length a is : 
structure of the embodiment shown in FIG . 1C , except that 
the curved edge 6 is symmetric with respect to the perpen - 50 
dicular bisector 9 of the chord 8 . In an embodiment , the main 
structure is mostly similar to the structure of the embodi 
ment shown in FIG . 1B , except that part of the four curved 
edges 6 are symmetric with respect to the perpendicular 
bisectors 9 of the corresponding chords 8 . In another 55 S , , is the ratio of the transmission electromagnetic wave and 
embodiment , the main structure is mostly similar to the the incident electromagnetic wave , while S , , is the ratio of 
structure of the embodiment shown in FIG . 1B , except that the reflection electromagnetic wave and the incident elec 
all the four curved edges 6 are symmetric with respect to the tromagnetic wave . Compare to FIG . 9G which is the fre 
perpendicular bisectors 9 of the corresponding chords 8 . In quency response graph of the bulk acoustic wave resonator 
an embodiment , the main structure is mostly similar to the 60 of conventional technology , in FIG . 16 the spurious modes 
structure of the embodiment shown in FIG . 1B , except that appeared between the lowest point of Shi and the lowest 
part of the interior angles e of the convex quadrilateral point of S21 is significantly suppressed , or the frequency of 
which is formed by the four chords 8 are the same . In the spurious modes depart from the range between the 
another embodiment , the main structure is mostly similar to lowest point of S , and the lowest point of S , . In a 
the structure of the embodiment shown in FIG . 1B , except 65 preferable embodiment , the four curved edges 6 are all 
that all the interior angles of the convex quadrilateral minor arc or semi - circle . And the relation between the 
which is formed by the four chords 8 are the same . sagitta d and the chord length a is : 

( 15 - 1 Ja = d . 
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two endpoints of curved edge 60 ; a chord 81 is formed by 
connecting two endpoints of curved edge 61 ; a chord 82 is 
formed by connecting two endpoints of curved edge 62 ; a 
chord 83 is formed by connecting two endpoints of curved 
edge 63 ; and a chord 84 is formed by connecting two thereby the impact of the spurious mode on the filter endpoints of curved edge 64 ) . Each chord 8 has a chord characteristic of bulk acoustic wave resonator is reduced . length a ( that is : the chord 80 has a chord length al ; the Please refer to FIG . 1H , which is a top view of another chord 81 has a chord length al ; the chord 82 has a chord embodiment having four curved edges of a resonance struc length a2 ; the chord 83 has a chord length a3 ; and the chord ture of bulk acoustic wave resonator of the present inven - 10 84 has a chord length a4 ) . A sagitta d is defined as the tion . The main structure of the embodiment is mostly similar maximum distance between each curved edge 6 and its to the structure of the embodiment shown in FIG . 1B , except corresponding chord 8 ( that is : the curved edge 60 and the that four curved edges 6 ( curved edge 60 , curved edge 61 , chord 80 has a maximum distance sagitta d0 ; the curved curved edge 62 and curved edge 63 ) are four identical 

curved edges . Four curved edges 6 are all circular arc . The 15 edge The 15 edge 61 and the chord 81 has a maximum distance sagitta 
circular arc may be a minor arc or a semi - circle . A center dl ; the curved edge 62 and the chord 82 has a maximum 
( not shown in Figure ) of the circular arc is located on a distance sagitta d2 ; the curved edge 63 and the chord 83 has 
perpendicular bisector 9 of the corresponding chord 8 . And a maximum distance sagitta d3 ; and the curved edge 64 and 
all the four curved edges 6 have the same curved edge the chord 84 has a maximum distance sagitta d4 ) . A convex 
length . All the four chords 8 corresponding to four curved 20 pentagon is formed by connecting five chords 8 ( chord 80 , 
edges 6 have the same chord lengths a . All the four curved chord 81 , chord 82 , chord 83 and chord 84 ) . An angle O is 
edges 6 and their corresponding chords 8 have the same defined between each chord 8 and its adjacent chord ( that is : 
maximum distance sagittas d . All the four curved edges 6 are an angle to is defined between the chord 84 and the chord 
symmetric with respect to the perpendicular bisectors 9 of 80 ; an angle 0 , is defined between the chord 80 and the 
the corresponding chords 8 . Part of the interior angles 0 of 25 chord 81 ; an angle 02 is defined between the chord 81 and 
the convex quadrilateral which is formed by the four chords the chord 82 ; an angle 03 is defined between the chord 82 
8 are the same ( that is : 0 , = 0 , 0 , = 03 ) . and the chord 83 ; and an angle 04 is defined between the 

Pleases refer to FIG . 11 , which is a top view of another chord 83 and the chord 84 ) . Five angles 0 ( 0o , 01 , 02 , 03 and 
embodiment having four curved edges of a resonance struc - 04 ) are respectively five interior angles of the convex 
ture of bulk acoustic wave resonator of the present inven - 30 pentagon . Each chord 8 has a perpendicular bisector 9 ( as 
tion . The main structure of the embodiment is mostly similar shown in FIG . 1C ) . Each of curved edges 6 ( curved edge 60 , 
to the structure of the embodiment shown in FIG . 1B , except curved edge 61 , curved edge 62 , curved edge 63 and curved 
that part of the four curved edges 6 ( curved edge 60 , curved edge 64 ) may be an elliptical arc , a circular arc , a parabolic 
edge 61 , curved edge 62 and curved edge 63 ) are identical arc , a hyperbolic arc or a cycloidal arc . It also may be an arc 
curved edges , wherein curved edge 60 and curved edge 62 35 of other function . In the embodiment of FIG . 2A , five curved 
are identical curved edges ; curved edge 61 and curved edge edges 6 ( curved edge 60 , curved edge 61 , curved edge 62 , 
63 are identical curved edges . Four curved edges 6 are all curved edge 63 and curved edge 64 ) are five non - identical 
circular arc . The circular arc may be a minor arc or a curved edges . Five curved edges 6 are five different kinds of 
semi - circle . A center ( not shown in Figure ) of the circular arcs respectively . And five curved edges 6 have different 
arc is located on a perpendicular bisector 9 of the corre - 40 curved edge lengths respectively . The five chords 8 corre 
sponding chord 8 . And part of the four curved edges 6 have sponding to five curved edges 6 have different chord lengths 
the same curved edge length , wherein curved edge 60 and a respectively . Five curved edges 6 and their corresponding 
curved edge 62 have the same curved edge length ; curved chords 8 have different maximum distance sagittas d respec 
edge 61 and curved edge 63 have the same curved edge tively . Five curved edges 6 are respectively asymmetric with 
length . Part of the four chords 8 corresponding to four 45 respect to the perpendicular bisectors 9 of their correspond 
curved edges 6 have the same chord lengths a ( that is : the ing chords 8 . The convex pentagon formed by connecting 
chord length al of the chord 80 - the chord length a2 of the five chords 8 has five different interior angles 0 . In an 
chord 82 > the chord length al of the chord 81 = the chord embodiment , each interior angle of the convex pentagon is 
length a3 of the chord 83 ) . All the four curved edges 6 and greater than or equal to 65º and less than or equal 170° . In 
their corresponding chords 8 have the same maximum 50 a preferable embodiment , the relation between the sagitta d 
distance sagittas d . All the four curved edges 6 are symmet and the chord length a is : 
ric with respect to the perpendicular bisectors 9 of the 
corresponding chords 8 . Part of the interior angles 0 of the 
convex quadrilateral which is formed by the four chords 8 
are the same ( that is : 0 , = 0 , < 0 , = 02 ) . 55 

Please refer to FIG . 2A , which is a top view of an 
embodiment having five curved edges of a resonance struc - thereby the impact of the spurious mode on the filter 
ture of bulk acoustic wave resonator of the present inven - characteristic of bulk acoustic wave resonator is reduced . 
tion . The main structure of the embodiment is mostly similar Please refer to FIG . 2B , which is a top view of another 
to the structure of the embodiment shown in FIG . 1B , except 60 embodiment having five curved edges of a resonance struc 
that the contour 5 includes five curved edges 6 ( curved edge ture of bulk acoustic wave resonator of the present inven 
60 , curved edge 61 , curved edge 62 , curved edge 63 and tion . The main structure of the embodiment is mostly similar 
curved edge 64 ) . Each of curved edges 6 ( curved edge 60 , to the structure of the embodiment shown in FIG . 2A , except 
curved edge 61 , curved edge 62 , curved edge 63 and curved that five curved edges 6 ( curved edge 60 , curved edge 61 , 
edge 64 ) is concave to a geometric center 7 of the contour 65 curved edge 62 , curved edge 63 and curved edge 64 ) are five 
5 . A chord 8 is formed by connecting two endpoints of each identical curved edges . Five curved edges 6 are all circular 
curved edge 6 ( that is : a chord 80 is formed by connecting arc . The circular arc may be a minor arc or a semi - circle . A 
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center ( not shown in Figure ) of the circular arc is located on some spurious modes have been removed ) . In a preferable 
a perpendicular bisector 9 of the corresponding chord 8 . And embodiment , the five curved edges 6 are all minor arc or 
all the five curved edges 6 have the same curved edge length . semi - circle . And the relation between the sagitta d and the 
All the five chords 8 corresponding to five curved edges 6 chord length a is : 
have the same chord lengths a . All the five curved edges 6 5 
and their corresponding chords 8 have the same maximum 
distance sagittas d . All the five curved edges 6 are symmetric 
with respect to the perpendicular bisectors 9 of the corre 
sponding chords 8 . All the interior angles of the convex 
pentagon which is formed by the five chords 8 are the same thereby the impact of the spurious mode on the filter 
( that is : 0 . = 0 , = 02 = 03 = 04 = 108° ) . characteristic of bulk acoustic wave resonator is reduced . 

Please refer to FIG . 2C , which is a top view of a resonance Please refer to FIG . 2G is a top view of another embodi 
structure of bulk acoustic wave resonator having a regular m ent having five curved edges of a resonance structure of 
pentagon contour . Please also refer to FIG . 2D , which is the 15 bulk acoustic wave resonator of the present invention . The 
frequency response graph of a resonance structure of bulk main structure of the embodiment is mostly similar to the 
acoustic wave resonator having a regular pentagon contour structure of the embodiment shown in FIG . 2A , except that 
as shown in FIG . 2C . S11 is the ratio of the transmission five curved edges 6 ( curved edge 60 , curved edge 61 , curved 
electromagnetic wave and the incident electromagnetic edge 62 , curved edge 63 and curved edge 64 ) are five 
wave , while S21 is the ratio of the reflection electromagnetic 20 identical curved edges . Five curved edges 6 are all circular 
wave and the incident electromagnetic wave . In FIG . 2D , it arc . The circular arc may be a minor arc or a semi - circle . A 
shows that spurious modes seriously affect the filter char center ( not shown in Figure ) of the circular arc is located on 
acteristic of the bulk acoustic wave resonator . a perpendicular bisector 9 of the corresponding chord 8 . And Please refer to FIG . 2E , which is the frequency response all the five curved edges 6 have the same curved edge length . graph of an embodiment having five curved edges of a , 25 All the five chords 8 corresponding to five curved edges 6 resonance structure of bulk acoustic wave resonator of the have the same chord lengths a . All the five curved edges 6 
present invention as shown in FIG . 2B . Five curved edges 6 and their corresponding chords 8 have the same maximum are all semi - circle , and the relation between the sagitta d and distance sagittas d . All the five curved edges 6 are symmetric the chord length a is : with respect to the perpendicular bisectors 9 of the corre 

30 sponding chords 8 . Part of the interior angles 0 of the convex 
pentagon which is formed by the five chords 8 are the same 
( that is : 0 , > 03 = 04 > 0 . = 02 ) . 

Please refer to FIG . 3A is a top view of an embodiment 
having three curved edges of a resonance structure of bulk 

S , is the ratio of the transmission electromagnetic wave and 35 acoustic wave resonator of the present invention . The main 
the incident electromagnetic wave , while S21 is the ratio of structure of the embodiment is mostly similar to the struc 
the reflection electromagnetic wave and the incident elec ture of the embodiment shown in FIG . 1B , except that the 
tromagnetic wave . Compare to FIG . 2D which is the fre contour 5 includes three curved edges 6 ( curved edge 60 , 
quency response graph of a resonance structure of bulk curved edge 61 and curved edge 62 ) . Each of curved edges 
acoustic wave resonator having a regular pentagon contour , 40 6 ( curved edge 60 , curved edge 61 and curved edge 62 ) is 
in FIG . 2E the spurious modes appeared between the lowest concave to a geometric center 7 of the contour 5 . A chord 8 
point of Su and the lowest point of S21 is significantly is formed by connecting two endpoints of each curved edge 
suppressed , or the frequency of the spurious modes depart 6 ( that is : a chord 80 is formed by connecting two endpoints 
from the range between the lowest point of Su and the of curved edge 60 : a chord 81 is formed by connecting two 
lowest point of S21 . Please refer to FIG . 2F , which is the 45 endpoints of curved edge 61 ; and a chord 82 is formed by 
frequency response graph of another embodiment having connecting two endpoints of curved edge 62 ) . Each chord 8 
five curved edges of a resonance structure of bulk acoustic has a chord length a ( that is : the chord 80 has a chord length 
wave resonator of the present invention as shown in FIG . a0 ; the chord 81 has a chord length al ; and the chord 82 has 
2B . Five curved edges 6 are all circular arc , and the relation a chord length a2 ) . A sagitta d is defined as the maximum 
between the sagitta d and the chord length a is : 50 distance between each curved edge 6 and its corresponding 

chord 8 ( that is : the curved edge 60 and the chord 80 has a 
maximum distance sagitta d0 ; the curved edge 61 and the 
chord 81 has a maximum distance sagitta dl ; and the curved 
edge 62 and the chord 82 has a maximum distance sagitta 
d2 ) . A triangle is formed by connecting three chords 8 ( chord 

Su is the ratio of the transmission electromagnetic wave and 80 , chord 81 and chord 82 ) . An angle o is defined between 
the incident electromagnetic wave , while S21 is the ratio of each chord 8 and its adjacent chord ( that is : an angle 0 , is 
the reflection electromagnetic wave and the incident elec - defined between the chord 82 and the chord 80 ; an angle o , 
tromagnetic wave . Compare to FIG . 2D which is the fre - is defined between the chord 80 and the chord 81 ; and an 
quency response graph of a resonance structure of bulk 60 angle 0 , is defined between the chord 81 and the chord 82 ) . 
acoustic wave resonator having a regular pentagon contour , Three angles 0 ( 0o , 0 , and 0 , ) are respectively three interior 
in FIG . 2E the spurious modes appeared between the lowest angles of the triangle . Each chord 8 has a perpendicular 
point of S11 and the lowest point of S21 is significantly bisector 9 ( as shown in FIG . 1C ) . Each of curved edges 6 
suppressed , or the frequency of the spurious modes depart ( curved edge 60 , curved edge 61 and curved edge 62 ) may 
from the range between the lowest point of S11 and the 65 be an elliptical arc , a circular arc , a parabolic arc , a hyper 
lowest point of S2 ( Although the spurious modes is not bolic arc or a cycloidal arc . It also may be an arc of other 
suppressed as effectively as the embodiment of FIG . 2E , but function . In the embodiment of FIG . 3A , three curved edges 

d = 12 
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6 ( curved edge 60 , curved edge 61 and curved edge 62 ) are is the ratio of the transmission electromagnetic wave and the 
three non - identical curved edges . Three curved edges 6 are incident electromagnetic wave , while S , , is the ratio of the 
three different kinds of arcs respectively . And three curved reflection electromagnetic wave and the incident electro 
edges 6 have different curved edge lengths respectively . The magnetic wave . Compare to FIG . 3D , which is the frequency 
three chords 8 corresponding to three curved edges 6 have 5 response graph of a resonance structure of bulk acoustic 
different chord lengths a respectively . Three curved edges 6 wave resonator having an equilateral triangle contour , in 
and their corresponding chords 8 have different maximum FIG . 3E the spurious modes appeared between the lowest distance sagittas d respectively . Three curved edges 6 are point of Su and the lowest point of S21 is significantly respectively asymmetric with respect to the perpendicular suppressed , or the frequency of the spurious modes depart bisectors 9 of their corresponding chords 8 . The triangle 10 from the range between the lowest point of Su and the formed by connecting three chords 8 has three different lowest point of S21 interior angles 0 . In an embodiment , each interior angle of 
the triangle is greater than or equal to 45º and less than or Please refer to FIG . 4A is a top view of an embodiment 
equal 90° . In a preferable embodiment , the relation between having six curved edges of a resonance structure of bulk 
the sagitta d and the chord length a is : acoustic wave resonator of the present invention . The main 

structure of the embodiment is mostly similar to the struc 
ture of the embodiment shown in FIG . 1B , except that the 
contour 5 includes six curved edges 6 ( curved edge 60 , 
curved edge 61 , curved edge 62 , curved edge 63 , curved 
edge 64 and curved edge 65 ) . Each of curved edges 6 

thereby the impact of the spurious mode on the filter 20 in the filter 20 ( curved edge 60 , curved edge 61 , curved edge 62 , curved 
characteristic of bulk acoustic wave resonator is reduced . edge 63 , curved edge 64 and curved edge 65 ) is concave to 

Please refer to FIG . 3B , which is a top view of another a geometric center 7 of the contour 5 . A chord 8 is formed 
embodiment having three curved edges of a resonance by connecting two endpoints of each curved edge 6 ( that is : 
structure of bulk acoustic wave resonator of the present a chord 80 is formed by connecting two endpoints of curved 
invention . The main structure of the embodiment is mostly 25 lv 25 edge 60 ; a chord 81 is formed by connecting two endpoints 
similar to the structure of the embodiment shown in FIG . of curved edge 61 ; a chord 82 is formed by connecting two 
3A , except that three curved edges 6 ( curved edge 60 , curved endpoints of curved edge 62 ; a chord 83 is formed by 
edge 61 and curved edge 62 ) are three identical curved connecting two endpoints of curved edge 63 ; a chord 84 is 
edges . Three curved edges 6 are all circular arc . The circular formed by connecting two endpoints of curved edge 64 ; and 
arc may be a minor arc or a semi - circle . A center ( not shown 30 in 30 a chord 85 is formed by connecting two endpoints of curved 
in Figure ) of the circular arc is located on a perpendicular edge 65 ) . Each chord 8 has a chord length a ( that is : the 
bisector 9 of the corresponding chord 8 . And all the three chord 80 has a chord length al ; the chord 81 has a chord 
curved edges 6 have the same curved edge length . All the length al ; the chord 82 has a chord length a2 ; the chord 83 

has a chord length a3 ; the chord 84 has a chord length a4 ; three chords 8 corresponding to three curved edges 6 have 
the same chord lengths a . All the three curved edges 6 and à 35 and the chord 85 has a chord length a5 ) . A sagitta d is defined 
their corresponding chords 8 have the same maximum as the maximum distance between each curved edge 6 and 
distance sagittas d . All the three curved edges 6 are sym its corresponding chord 8 ( that is : the curved edge 60 and the 

chord 80 has a maximum distance sagitta d0 ; the curved metric with respect to the perpendicular bisectors 9 of the 
corresponding chords 8 . All the interior angles o of the edge 61 and the chord 81 has a maximum distance sagitta 
triangle which is formed by the three chords 8 are the same 4 40 d1 ; the curved edge 62 and the chord 82 has a maximum 
( that is : 0 , = 0 , = 0 , = 60° ) . distance sagitta d2 ; the curved edge 63 and the chord 83 has 

Please refer to FIG . 3C , which is a top view of a resonance a maximum distance sagitta d3 ; the curved edge 64 and the 
chord 84 has a maximum distance sagitta d4 ; and the curved structure of bulk acoustic wave resonator having an equi 

lateral triangle contour . Please also refer to FIG . 3D , which edge 65 and the chord 85 has a maximum distance sagitta 
is the frequency response graph of a resonance structure of 45 d5 ) . A convex hexagon is formed by connecting six chords 
bulk acoustic wave resonator having an equilateral triangle 8 ( chord 80 , chord 81 , chord 82 , chord 83 , chord 84 and 

chord 85 ) . An angle 0 is defined between each chord 8 and contour as shown in FIG . 3C . Sit is the ratio of the trans its adjacent chord ( that is : an angle 0 , is defined between the mission electromagnetic wave and the incident electromag 
chord 85 and the chord 80 ; an angle e , is defined between netic wave , while S21 is the ratio of the reflection electro 

magnetic wave and the incident electromagnetic wave . In In 50 the chord 80 and the chord 81 ; an angle 02 is defined 
FIG . 3D , it shows that spurious modes seriously affect the between the chord 81 and the chord 82 ; an angle 0 is 

defined between the chord 82 and the chord 83 ; an angle 04 filter characteristic of the bulk acoustic wave resonator . 
Please refer to FIG . 3E , which is the frequency response is defined between the chord 83 and the chord 84 ; and an 

graph of an embodiment having three curved edges of a angle O , is defined between the chord 84 and the chord 85 ) . 
resonance structure of bulk acoustic wave resonator of the » the 55 Six angles 8 ( 0 . , 01 , 02 , 03 , 04 and 05 ) are respectively six 

interior angles of the convex hexagon . Each chord 8 has a present invention as shown in FIG . 3B . The contour of the 
resonance structure of current embodiment is formed by perpendicular bisector 9 ( as shown in FIG . 1C ) . Each of 
replacing the straight line edges of the equilateral triangle curved edges 6 ( curved edge 60 , curved edge 61 , curved 

edge 62 , curved edge 63 , curved edge 64 and curved edge contour of FIG . 3C by three semi - circles of curved edges 6 . 
And the relation between the sagitta d and the chord length of oth 60 65 ) may be an elliptical arc , a circular arc , a parabolic arc , 

a hyperbolic arc or a cycloidal arc . It also may be an arc of a is : other function . In the embodiment of FIG . 4A , six curved 
edges 6 ( curved edge 60 , curved edge 61 , curved edge 62 , 
curved edge 63 , curved edge 64 and curved edge 65 ) are six 

65 non - identical curved edges . Six curved edges 6 are six 
different kinds of arcs respectively . And six curved edges 6 
have different curved edge lengths respectively . The six 



( 12 . - 1 Ja < a so 

US 10 , 097 , 156 B2 
17 18 

chords 8 corresponding to six curved edges 6 have different linking curved edges 10 ( linking curved edge 100 , linking 
chord lengths a respectively . Six curved edges 6 and their curved edge 101 , linking curved edge 102 and linking 
corresponding chords 8 have different maximum distance curved edge 103 ) is concave to a geometric center 7 of the 
sagittas d respectively . Six curved edges 6 are respectively contour 5 . Two endpoints of each linking curved edge 10 are 
asymmetric with respect to the perpendicular bisectors 9 of 5 connected with two curved edges 6 respectively ( that is : 
their corresponding chords 8 . The convex hexagon formed linking curved edge 100 is connected with curved edge 60 
by connecting six chords 8 has six different interior angles and curved edge 61 ; linking curved edge 101 is connected 
0 . In an embodiment , each interior angle of the convex with curved edge 61 and curved edge 62 ; linking curved 
hexagon is greater than or equal to 75º and less than or equal edge 102 is connected with curved edge 62 and curved edge 
180° . In a preferable embodiment , the relation between the " 63 ; and linking curved edge 103 is connected with curved 
sagitta d and the chord length a is : edge 63 and curved edge 60 ) such that the contour 5 is 

formed a smooth curve without the presence of a singular 
point . A convex quadrilateral ( not shown in Figure ) is 
formed by extending four chords 8 ( chord 80 , chord 81 , 
chord 82 and chord 83 ) and connecting all the extended 
chords . An angle o is defined between each chord 8 and its 

thereby the impact of the spurious mode on the filter adjacent chord ( that is : an angle 0 is defined between the 
characteristic of bulk acoustic wave resonator is reduced . chord 83 and the chord 80 ; an angle , is defined between 

Please refer to FIG . 4B , which is a top view of another 20 the chord 80 and the chord 81 ; an angle , is defined 
embodiment having six curved edges of a resonance struc - between the chord 81 and the chord 82 ; and an angle 02 is 
ture of bulk acoustic wave resonator of the present inven defined between the chord 82 and the chord 83 ) . Four angles 
tion . The main structure of the embodiment is mostly similar 0 ( 0 . , 02 , 0 , and 03 ) are respectively four interior angles of 
to the structure of the embodiment shown in FIG . 4A , except the convex quadrilateral . Each of linking curved edges 10 
that six curved edges 6 ( curved edge 60 , curved edge 61 , 25 ( linking curved edge 100 , linking curved edge 101 , linking 
curved edge 62 , curved edge 63 , curved edge 64 and curved curved edge 102 and linking curved edge 103 ) may be an 
edge 65 ) are six identical curved edges . Six curved edges 6 elliptical arc , a circular arc , a parabolic arc , a hyperbolic arc 
are all circular arc . The circular arc may be a minor arc or or a cycloidal arc . It also may be an arc of other function . In 
a semi - circle . A center ( not shown in Figure of the circular the embodiment of FIG . 5A , four linking curved edges 10 
arc is located on a perpendicular bisector 9 of the corre - 30 ( linking curved edge 100 , linking curved edge 101 , linking 
sponding chord 8 . And all the six curved edges 6 have the curved edge 102 and linking curved edge 103 ) are four 
same curved edge length . All the six chords 8 corresponding non - identical linking curved edges . Four linking curved 
to six curved edges 6 have the same chord lengths a . All the edges 10 are four different kinds of arcs respectively . And 
six curved edges 6 and their corresponding chords 8 have the four linking curved edges 10 have different linking curved 
same maximum distance sagittas d . All the six curved edges 35 edge lengths respectively . The embodiment of FIG . 5A is 
6 are symmetric with respect to the perpendicular bisectors formed by inserting a linking curved edge 10 in between 
9 of the corresponding chords 8 . All the interior angles o of each two adjacent curved edges 6 of the embodiment of FIG . 
the convex hexagon which is formed by the six chords 8 are 1B such that the contour 5 is formed a smooth curve without 
the same ( that is : 0 , = 0 , = 0 , = 0 , = 02 = 0x = 120° ) . the presence of a singular point . Thus , the singular point at 

Please refer to FIG . 4C , which is a top view of another 40 the intersection of each two adjacent curved edges 6 of the 
embodiment having six curved edges of a resonance struc - embodiment of FIG . 1B no longer exists . Instead of the 
ture of bulk acoustic wave resonator of the present inven straight line edges of the convex quadrilateral of conven 
tion . The main structure of the embodiment is mostly similar tional technology , the contour of the resonance structure of 
to the structure of the embodiment shown in FIG . 4A , except the bulk acoustic wave resonator of the present invention is 
that six curved edges 6 ( curved edge 60 , curved edge 61 , 45 formed by the curved edges , and furthermore by using the 
curved edge 62 , curved edge 63 , curved edge 64 and curved linking curved edge to remove the singular point of the 
edge 65 ) are six identical curved edges . Six curved edges 6 contour to form a smooth curve contour . Thereby the reso 
are all circular arc . The circular arc may be a minor arc or n ant path of the lateral wave is further lengthened such that 
a semi - circle . A center ( not shown in Figure ) of the circular the energy of the spurious mode is reduced in order to 
arc is located on a perpendicular bisector 9 of the corre - 50 suppress the spurious mode close to the frequency of the 
sponding chord 8 . And all the six curved edges 6 have the vertical wave resonance , and / or the frequency of the lateral 
same curved edge length . All the six chords 8 corresponding wave resonance is departing from the frequency of the 
to six curved edges 6 have the same chord lengths a . All the vertical wave resonance . Therefore the impact of the spuri 
six curved edges 6 and their corresponding chords 8 have the ous mode on the filter characteristic of the bulk acoustic 
same maximum distance sagittas d . All the six curved edges 55 wave resonator is reduced . In an embodiment , a ratio of a 
6 are symmetric with respect to the perpendicular bisectors length of each linking curved edge and a length of any one 
9 of the corresponding chords 8 . Part of the interior angles of the two curved edges adjacent to the linking curved edge 
O of the convex hexagon which is formed by the six chords is between 1 : 5 and 1 : 50 . In an embodiment , each interior 
8 are the same ( that is : 0 , = 02 = 04 - 05 > 00 = 03 ) . angle of the convex quadrilateral is greater than or equal to 

Please refer to FIG . 5A , which is a top view of an 60 60° and less than or equal 135º . In a preferable embodiment , 
embodiment having four curved edges of a resonance struc - the relation between the sagitta d and the chord length a is : 
ture of bulk acoustic wave resonator of the present inven 
tion . The main structure of the embodiment is mostly similar 
to the structure of the embodiment shown in FIG . 1B , except 
that it further comprises four linking curved edges 10 65 
( linking curved edge 100 , linking curved edge 101 , linking 
curved edge 102 and linking curved edge 103 ) . Each of 
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thereby the impact of the spurious mode on the filter curved edge 102 and linking curved edge 103 ) are identical 
characteristic of bulk acoustic wave resonator is reduced . linking curved edges . Four curved edges 6 are all circular 

In an embodiment , the main structure is mostly similar to arc . The circular arc may be a minor arc or a semi - circle . A 
the structure of the embodiment shown in FIG . 5A , except center ( not shown in Figure ) of the circular arc is located on 
that it comprises three linking curved edges 10 . In another 5 a perpendicular bisector 9 of the corresponding chord 8 . And 
embodiment , the main structure is mostly similar to the all the four curved edges 6 have the same curved edge 
structure of the embodiment shown in FIG . 5A , except that length . All the four chords 8 corresponding to four curved 
it comprises two linking curved edges 10 . In an embodi - edges 6 have the same chord lengths a . All the four curved 
ment , the main structure is mostly similar to the structure of edges 6 and their corresponding chords 8 have the same 
the embodiment shown in FIG . 5A , except that it comprises 10 maximum distance sagittas d . All the four curved edges 6 are 
only one linking curved edge 10 . In an embodiment , the symmetric with respect to the perpendicular bisectors 9 of 
main structure is mostly similar to the structure of the the corresponding chords 8 . Part of the interior angles o of 
embodiment shown in FIG . 5A , except that part of the four the convex quadrilateral which is formed by the four 
linking curved edges 10 are the same kind of arc . In another extended chords 8 are the same ( that is : 06 - 0 , < 0 , = 03 ) . 
embodiment , the main structure is mostly similar to the 15 Please refer to FIG . 5D , which is a top view of another 
structure of the embodiment shown in FIG . 5A , except that embodiment having four curved edges of a resonance struc 
all the four linking curved edges 10 are the same kind of arc . ture of bulk acoustic wave resonator of the present inven 
In an embodiment , the main structure is mostly similar to the tion . The main structure of the embodiment is mostly similar 
structure of the embodiment shown in FIG . 5A , except that to the structure of the embodiment shown in FIG . 5A , except 
part of the four linking curved edges 10 have the same 20 that part of the four curved edges 6 ( curved edge 60 , curved 
linking curved edge length . In another embodiment , the edge 61 , curved edge 62 and curved edge 63 ) are identical 
main structure is mostly similar to the structure of the curved edges , and part of the four linking curved edges 10 
embodiment shown in FIG . 5A , except that all the four ( linking curved edge 100 , linking curved edge 101 , linking 
linking curved edges 10 have the same linking curved edge curved edge 102 and linking curved edge 103 ) are identical 
length . In an embodiment , the main structure is mostly 25 linking curved edges ; wherein curved edge 60 and curved 
similar to the structure of the embodiment shown in FIG . edge 62 are identical curved edges ; curved edge 61 and 
5A , except that part of the interior angles o of the convex curved edge 63 are identical curved edges . Four curved 
quadrilateral which is formed by the four extended chords 8 edges 6 are all circular arc . The circular arc may be a minor 
are the same . In another embodiment , the main structure is arc or a semi - circle . A center ( not shown in Figure ) of the 
mostly similar to the structure of the embodiment shown in 30 circular arc is located on a perpendicular bisector 9 of the 
FIG . 5A , except that all the interior angles of the convex corresponding chord 8 . And part of the four curved edges 6 
quadrilateral which is formed by the four extended chords 8 have the same curved edge length ; wherein curved edge 60 
are the same . and curved edge 62 have the same curved edge length ; 

Please refer to FIG . 5B , which is a top view of another curved edge 61 and curved edge 63 have the same curved 
embodiment having four curved edges of a resonance struc - 35 edge length . Part of the four chords 8 corresponding to four 
ture of bulk acoustic wave resonator of the present inven - curved edges 6 have the same chord lengths a ( that is : the 
tion . The main structure of the embodiment is mostly similar chord length al of the chord 80 = the chord length a2 of the 
to the structure of the embodiment shown in FIG . 5A , except chord 82 > the chord length al of the chord 81 = the chord 
that four curved edges 6 ( curved edge 60 , curved edge 61 , length a3 of the chord 83 ) . All the four curved edges 6 and 
curved edge 62 and curved edge 63 ) are four identical 40 their corresponding chords 8 have the same maximum 
curved edges , and four linking curved edges 10 ( linking distance sagittas d . All the four curved edges 6 are symmet 
curved edge 100 , linking curved edge 101 , linking curved ric with respect to the perpendicular bisectors 9 of the 
edge 102 and linking curved edge 103 ) are four identical corresponding chords 8 . Part of the interior angles of the 
linking curved edges . Four curved edges 6 are all circular convex quadrilateral which is formed by the four extended 
arc . The circular arc may be a minor arc or a semi - circle . A 45 chords 8 are the same that is : 00 = 0 , < 0 , = 02 ) . 
center ( not shown in Figure ) of the circular arc is located on Please refer to FIG . 6A , which is a top view of an 
a perpendicular bisector 9 of the corresponding chord 8 . And embodiment having five curved edges of a resonance struc 
all the four curved edges 6 have the same curved edge ture of bulk acoustic wave resonator of the present inven 
length . And all the four linking curved edges 10 have the tion . The main structure of the embodiment is mostly similar 
same linking curved edge length . All the four chords 8 50 to the structure of the embodiment shown in FIG . 2A , except 
corresponding to four curved edges 6 have the same chord that it further comprises five linking curved edges 10 ( link 
lengths a . All the four curved edges 6 and their correspond i ng curved edge 100 , linking curved edge 101 , linking 
ing chords 8 have the same maximum distance sagittas d . All curved edge 102 , linking curved edge 103 and linking 
the four curved edges 6 are symmetric with respect to the curved edge 104 ) . Each of linking curved edges 10 ( linking 
perpendicular bisectors 9 of the corresponding chords 8 . All 55 curved edge 100 , linking curved edge 101 , linking curved 
the interior angles of the convex quadrilateral which is edge 102 , linking curved edge 103 and linking curved edge 
formed by the four extended chords 8 are the same ( that is : 104 ) is concave to a geometric center 7 of the contour 5 . Two 
0 . = 0 , = 02 - 03 = 90° ) . endpoints of each linking curved edge 10 are connected with 

Please refer to FIG . 5C , which is a top view of another two curved edges 6 respectively ( that is : linking curved edge 
embodiment having four curved edges of a resonance struc - 60 100 is connected with curved edge 60 and curved edge 61 ; 
ture of bulk acoustic wave resonator of the present inven - linking curved edge 101 is connected with curved edge 61 
tion . The main structure of the embodiment is mostly similar and curved edge 62 ; linking curved edge 102 is connected 
to the structure of the embodiment shown in FIG . 5A , except with curved edge 62 and curved edge 63 ; linking curved 
that four curved edges 6 ( curved edge 60 , curved edge 61 , edge 103 is connected with curved edge 63 and curved edge 
curved edge 62 and curved edge 63 ) are four identical 65 64 ; and linking curved edge 104 is connected with curved 
curved edges , and part of the four linking curved edges 10 edge 64 and curved edge 60 ) such that the contour 5 is 
( linking curved edge 100 , linking curved edge 101 , linking formed a smooth curve without the presence of a singular 
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point . A convex pentagon ( not shown in Figure ) is formed by curved edge 62 , curved edge 63 and curved edge 64 ) are five 
extending five chords 8 ( chord 80 , chord 81 , chord 82 , chord identical curved edges , and part of the five linking curved 
83 and chord 84 ) and connecting all the extended chords . An edges 10 ( linking curved edge 100 , linking curved edge 101 , 
angle 0 is defined between each chord 8 and its adjacent linking curved edge 102 , linking curved edge 103 and 
chord ( that is : an angle is defined between the chord 845 linking curved edge 104 ) are identical linking curved edges . 
and the chord 80 ; an angle e , is defined between the chord Five curved edges 6 are all circular arc . The circular arc may 
80 and the chord 81 ; an angle 0 , is defined between the be a minor arc or a semi - circle . A center ( not shown in 
chord 81 and the chord 82 ; an angle 02 is defined between Figure ) of the circular arc is located on a perpendicular 
the chord 82 and the chord 83 ; and an angle 04 is defined bisector 9 of the corresponding chord 8 . And all the five 
between the chord 83 and the chord 84 ) . Five angles 0 ( 0o , 10 curved edges 6 have the same curved edge length . All the 
01 , 02 , 03 and 04 ) are respectively five interior angles of the five chords 8 corresponding to five curved edges 6 have the 
convex pentagon . Each of linking curved edges 10 ( linking same chord lengths a . All the five curved edges 6 and their 
curved edge 100 , linking curved edge 101 , linking curved corresponding chords 8 have the same maximum distance 
edge 102 , linking curved edge 103 and linking curved edge 16 sagittas d . All the five curved edges 6 are symmetric with 
104 ) may be an elliptical arc , a circular arc , a parabolic arc , respect to the perpendicular bisectors 9 of the corresponding 
a hyperbolic arc or a cycloidal arc . It also may be an arc of chords 8 . Part of the interior angles of the convex pentagon 
other function . In the embodiment of FIG . 6A , five linking which is formed by the five extended chords 8 are the same 
curved edges 10 ( linking curved edge 100 , linking curved ( that is : 0 , > 03 = 0 - > 0 . = 02 ) . 
edge 101 , linking curved edge 102 , linking curved edge 103 20 . Please refer to FIG . 7A , which is a top view of an 
and linking curved edge 104 ) are five non - identical linking embodiment having three curved edges of a resonance 
curved edges . Five linking curved edges 10 are five different structure of bulk acoustic wave resonator of the present 
kinds of arcs respectively . And five linking curved edges 10 invention . The main structure of the embodiment is mostly 
have different linking curved edge lengths respectively . In an similar to the structure of the embodiment shown in FIG . 
embodiment , each interior angle of the convex pentagon is 25 3A . except that it further comprises three linking curved 
greater than or equal to 65º and less than or equal 170° . In edges 10 ( linking curved edge 100 , linking curved edge 101 a preferable embodiment , the relation between the sagitta d and linking curved edge 102 ) . Each of linking curved edges and the chord length a is : 10 ( linking curved edge 100 , linking curved edge 101 and 

linking curved edge 102 ) is concave to a geometric center 7 
30 of the contour 5 . Two endpoints of each linking curved edge 

10 are connected with two curved edges 6 respectively ( that 
is : linking curved edge 100 is connected with curved edge 60 

thereby the impact of the spurious mode on the filter and curved edge 61 ; linking curved edge 101 is connected 
characteristic of bulk acoustic wave resonator is reduced . 35 with curved edge 61 and curved edge 62 ; and linking curved 35 

Please refer to FIG . 6B , which is a top view of another edge 102 is connected with curved edge 62 and curved edge 
embodiment having five curved edges of a resonance struc 60 ) such that the contour 5 is formed a smooth curve without 
ture of bulk acoustic wave resonator of the present inven the presence of a singular point . A triangle ( not shown in 
tion . The main structure of the embodiment is mostly similar Figure ) is formed by extending three chords 8 ( chord 80 , 
to the structure of the embodiment shown in FIG . 6A , except 40 chord 81 and chord 82 ) and connecting all the extended 
that five curved edges 6 ( curved edge 60 , curved edge 61 . chords . An angle 0 is defined between each chord 8 and its 
curved edge 62 , curved edge 63 and curved edge 64 ) are five adjacent chord ( that is : an angle 0 , is defined between the 
identical curved edges , and five linking curved edges 10 chord 82 and the chord 80 ; an angle 0 , is defined between 
( linking curved edge 100 . linking curved edge 101 . linking the chord 80 and the chord 81 ; and an angle 8 , is defined 
curved edge 102 , linking curved edge 103 and linking 45 between the chord 81 and the chord 82 ) . Three angles 0 ( On , 
curved edge 104 ) are five identical linking curved edges . 0 and 02 ) are respectively three interior angles of the 
Five curved edges 6 are all circular arc . The circular arc may triangle . Each of linking curved edges 10 ( linking curved 
be a minor arc or a semi - circle . A center ( not shown in edge 100 , linking curved edge 101 and linking curved edge 
Figure ) of the circular arc is located on a perpendicular 102 ) may be an elliptical arc , a circular arc , a parabolic arc , 
bisector 9 of the corresponding chord 8 . And all the five 50 a hyperbolic arc or a cycloidal arc . It also may be an arc of 
curved edges 6 have the same curved edge length . And all other function . In the embodiment of FIG . 7A , three linking 
the five linking curved edges 10 have the same linking curved edges 10 ( linking curved edge 100 , linking curved 
curved edge length . All the five chords 8 corresponding to edge 101 and linking curved edge 102 ) are three non 
five curved edges 6 have the same chord lengths a . All the identical linking curved edges . Three linking curved edges 
five curved edges 6 and their corresponding chords 8 have 55 10 are three different kinds of arcs respectively . And three 
the same maximum distance sagittas d . All the five curved linking curved edges 10 have different linking curved edge 
edges 6 are symmetric with respect to the perpendicular lengths respectively . In an embodiment , each interior angle 
bisectors 9 of the corresponding chords 8 . All the interior of the triangle is greater than or equal to 45º and less than 
angles of the convex pentagon which is formed by the five or equal 90° . In a preferable embodiment , the relation 
extended chords 8 are the same ( that is : 60 between the sagitta d and the chord length a is : 
0 . = 0 , = 02 = 03 = 14 = 108° ) . 

Please refer to FIG . 6C , which is a top view of another 
a a embodiment having five curved edges of a resonance struc 13 < d < ? ture of bulk acoustic wave resonator of the present inven 

tion . The main structure of the embodiment is mostly similar 65 
to the structure of the embodiment shown in FIG . 6A , except thereby the impact of the spurious mode on the filter 
that five curved edges 6 ( curved edge 60 , curved edge 61 , characteristic of bulk acoustic wave resonator is reduced . 
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Please refer to FIG . 7B , which is a top view of another edges 10 ( linking curved edge 100 , linking curved edge 101 , 
embodiment having three curved edges of a resonance linking curved edge 102 , linking curved edge 103 , linking 
structure of bulk acoustic wave resonator of the present curved edge 104 and linking curved edge 105 ) are six 
invention . The main structure of the embodiment is mostly non - identical linking curved edges . Six linking curved edges 
similar to the structure of the embodiment shown in FIG . 5 10 are six different kinds of arcs respectively . And six 
7A , except that three curved edges 6 ( curved edge 60 , curved linking curved edges 10 have different linking curved edge 
edge 61 and curved edge 62 ) are three identical curved lengths respectively . In an embodiment , each interior angle edges , and three linking curved edges 10 ( linking curved of the convex hexagon is greater than or equal to 75º and edge 100 , linking curved edge 101 and linking curved edge less than or equal 180° . In a preferable embodiment , the 102 ) are three identical linking curved edges . Three curved 10 relation between the sagitta d and the chord length a is : edges 6 are all circular arc . The circular arc may be a minor 
arc or a semi - circle . A center ( not shown in Figure ) of the 
circular arc is located on a perpendicular bisector 9 of the 
corresponding chord 8 . And all the three curved edges 6 
have the same curved edge length . And all the three linking 15 
curved edges 10 have the same linking curved edge length . 
All the three chords 8 corresponding to three curved edges thereby the impact of the spurious mode on the filter 
6 have the same chord lengths a . All the three curved edges characteristic of bulk acoustic wave resonator is reduced . 
6 and their corresponding chords 8 have the same maximum Please refer to FIG . 8B , which is a top view of another 
distance sagittas d . All the three curved edges 6 are sym - 20 embodiment having six curved edges of a resonance struc 
metric with respect to the perpendicular bisectors 9 of the ture of bulk acoustic wave resonator of the present inven corresponding chords 8 . All the interior angles e of the tion . The main structure of the embodiment is mostly similar 
triangle which is formed by the three extended chords 8 are to the structure of the embodiment shown in FIG . 8A , except the same ( that is : 0 = 0 , = 0 , = 60° ) . that six curved edges 6 ( curved edge 60 , curved edge 61 , Please refer to FIG . 8A , which is a top view of an 25 curved edge 62 , curved edge 63 , curved edge 64 and curved embodiment having six curved edges of a resonance struc edge 65 ) are six identical curved edges , and six linking ture of bulk acoustic wave resonator of the present inven curved edges 10 ( linking curved edge 100 , linking curved tion . The main structure of the embodiment is mostly similar 
to the structure of the embodiment shown in FIG . 4A , except edge 101 , linking curved edge 102 , linking curved edge 103 , 
that it further comprises six linking curved edges 10 ( linking 30 linking curved edge 104 and linking curved edge 105 ) are 
curved edge 100 , linking curved edge 101 , linking curved six identical linking curved edges . Six curved edges 6 are all 
edge 102 , linking curved edge 103 , linking curved edge 104 circular arc . The circular arc may be a minor arc or a 
and linking curved edge 105 ) . Each of linking curved edges semi - circle . A center ( not shown in Figure ) of the circular 
10 ( linking curved edge 100 , linking curved edge 101 , arc is located on a perpendicular bisector 9 of the corre 
linking curved edge 102 , linking curved edge 103 , linking 35 sponding chord 8 . And all the six curved edges 6 have the 
curved edge 104 and linking curved edge 105 ) is concave to same curved edge length . And all the six linking curved 
a geometric center 7 of the contour 5 . Two endpoints of each edges 10 have the same linking curved edge length . All the 
linking curved edge 10 are connected with two curved edges six chords 8 corresponding to six curved edges 6 have the 
6 respectively ( that is : linking curved edge 100 is connected same chord lengths a . All the six curved edges 6 and their 
with curved edge 60 and curved edge 61 ; linking curved 40 corresponding chords 8 have the same maximum distance 
edge 101 is connected with curved edge 61 and curved edge sagittas d . All the six curved edges 6 are symmetric with 
62 ; linking curved edge 102 is connected with curved edge respect to the perpendicular bisectors 9 of the corresponding 
62 and curved edge 63 ; linking curved edge 103 is connected chords 8 . All the interior angles o of the convex hexagon 
with curved edge 63 and curved edge 64 ; linking curved which is formed by the six extended chords 8 are the same 
edge 104 is connected with curved edge 64 and curved edge 45 ( that is : 00 = 0 , = 0 , = 0 ; = 0 = 0 = 120° ) . 
65 ; and linking curved edge 105 is connected with curved Please refer to FIG . 8C , which is a top view of another 
edge 65 and curved edge 60 ) such that the contour 5 is embodiment having six curved edges of a resonance struc 
formed a smooth curve without the presence of a singular ture of bulk acoustic wave resonator of the present inven 
point . A convex hexagon ( not shown in Figure ) is formed by tion . The main structure of the embodiment is mostly similar 
extending six chords 8 ( chord 80 , chord 81 , chord 82 , chord 50 to the structure of the embodiment shown in FIG . 8A , except 
83 , chord 84 and chord 85 ) and connecting all the extended that six curved edges 6 ( curved edge 60 , curved edge 61 , 
chords . An angle 0 is defined between each chord 8 and its curved edge 62 , curved edge 63 , curved edge 64 and curved 
adjacent chord ( that is : an angle , is defined between the edge 65 ) are six identical curved edges , and part of the six 
chord 85 and the chord 80 ; an angle e , is defined between linking curved edges 10 ( linking curved edge 100 , linking 
the chord 80 and the chord 81 ; an angle 02 is defined 55 curved edge 101 , linking curved edge 102 , linking curved 
between the chord 81 and the chord 82 ; an angle 02 is edge 103 , linking curved edge 104 and linking curved edge 
defined between the chord 82 and the chord 83 ; an angle 0 105 ) are identical linking curved edges . Six curved edges 6 
is defined between the chord 83 and the chord 84 ; and an are all circular arc . The circular arc may be a minor arc or 
angle 03 is defined between the chord 84 and the chord 85 ) . a semi - circle . A center ( not shown in Figure ) of the circular 
Six angles ( @ o , 01 , 02 , 03 , 04 and 03 ) are respectively six 60 arc is located on a perpendicular bisector 9 of the corre 
interior angles of the convex hexagon . Each of linking sponding chord 8 . And all the six curved edges 6 have the 
curved edges 10 ( linking curved edge 100 , linking curved same curved edge length . All the six chords 8 corresponding 
edge 101 , linking curved edge 102 , linking curved edge 103 , to six curved edges 6 have the same chord lengths a . All the 
linking curved edge 104 and linking curved edge 105 ) may six curved edges 6 and their corresponding chords 8 have the 
be an elliptical arc , a circular arc , a parabolic arc , a hyper - 65 same maximum distance sagittas d . All the six curved edges 
bolic arc or a cycloidal arc . It also may be an arc of other 6 are symmetric with respect to the perpendicular bisectors 
function . In the embodiment of FIG . 8A , six linking curved 9 of the corresponding chords 8 . Part of the interior angles 
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of the convex hexagon which is formed by the six 5 . The resonance structure of bulk acoustic wave resona 
extended chords 8 are the same ( that is : tor according to claim 3 , wherein each circular arc has the 
0 , = 02 = 04505 > 0 . = 03 ) . same arc length . 

In an embodiment , a number of the curved edges 6 is 6 . The resonance structure of bulk acoustic wave resona 
greater than a number of the linking curved edges 10 . Two 5 tor according to claim 3 , wherein each curved edge is a 
endpoints of each linking curved edge 10 are connected with circular arc . 
two curved edges 6 respectively . In another embodiment , a 7 . The resonance structure of bulk acoustic wave resona 
number of the curved edges 6 is equal to a number of the tor according to claim 1 , wherein a chord is formed by linking curved edges 10 . Two endpoints of each linking connecting two endpoints of each curved edge , a convex curved edge 10 are connected with two curved edges 6 10 polygon is formed by connecting all chords . respectively , and two endpoints of each curved edge 6 are 8 . The resonance structure of bulk acoustic wave resona connected with two linking curved edges 10 respectively . In tor according to claim 7 , wherein said at least three curved an embodiment , a chord 8 is formed by connecting two 
endpoints of each curved edge 6 , a convex polygon is edges include four curved edges , said convex polygon is a 
formed by extending all chords 8 and connecting all the 15 convex quadrilateral , each interior angle of said convex 
extended chords , wherein a number of the curved edges 6 is polygon is greater than or equal to 60° and less than or equal 
equal to a number of the sides of the convex polygon . 
As disclosed in the above description and attached draw 9 . The resonance structure of bulk acoustic wave resona 

ings , the present invention can provide a resonance structure tor according to claim 1 , wherein a chord is formed by 
of bulk acoustic wave resonator . It is new and can be put into 20 connecting two endpoints of each curved edge , at least one 
industrial use . of the curved edges is symmetric with respect to a perpen 

Although the embodiments of the present invention have dicular bisector of the corresponding chord . 
been described in detail , many modifications and variations 10 . The resonance structure of bulk acoustic wave reso 
may be made by those skilled in the art from the teachings nator according to claim 1 , wherein a chord is formed by 
disclosed hereinabove . Therefore , it should be understood 25 connecting two endpoints of each curved edge , each curved 
that any modification and variation equivalent to the spirit of edge is symmetric with respect to a perpendicular bisector of 
the present invention be regarded to fall into the scope the corresponding chord . 
defined by the appended claims . 11 . The resonance structure of bulk acoustic wave reso 
What is claimed is : nator according to claim 1 , wherein a chord is formed by 
1 . A resonance structure of bulk acoustic wave resonator 30 connecting two endpoints of each curved edge , each curved 

comprising : edge is located within the range between two perpendicular 
a bottom electrode ; lines perpendicular to the corresponding chord and passing 
a dielectric layer formed on said bottom electrode ; and through two endpoints of the corresponding chord respec 
a top electrode formed on said dielectric layer ; tively . 
wherein a resonance area is defined by the overlapping 35 12 . The resonance structure of bulk acoustic wave reso 

area of the projection of said bottom electrode , said nator according to claim 1 , wherein each curved edge has the 
dielectric layer and said top electrode , said resonance same curved edge length . 
area has a contour , said contour includes at least three 13 . A resonance structure of bulk acoustic wave resonator 
curved edges and is formed by connecting said at least comprising : 
three curved edges , wherein each curved edge is con - 40 a bottom electrode ; 
cave to a geometric center of said contour , a dielectric layer formed on said bottom electrode ; and 

wherein said at least three curved edges include even a top electrode formed on said dielectric layer ; 
number of curved edges , a chord having a chord length wherein a resonance area is defined by the overlapping 
a is formed by connecting two endpoints of each curved area of the projection of said bottom electrode , said 
edge , a sagitta d is defined as the maximum distance 45 dielectric layer and said top electrode , said resonance 
between each curved edge and its corresponding chord , area has a contour , said contour includes at least three 
wherein : curved edges and at least one linking curved edge and 

is formed by connecting said at least three curved edges 
and said at least one linking curved edge , wherein each 
curved edge is concave to a geometric center of said 
contour , each linking curved edge is convex to said 
geometric center , wherein a number of said at least 
three curved edges is greater than or equal to a number 

2 . The resonance structure of bulk acoustic wave resona of said at least one linking curved edge , two endpoints 
tor according to claim 1 , wherein said at least three curved 55 of each linking curved edge are connected with two 
edges include at least one selected from the group consisting curved edges respectively , wherein a ratio of a length of 
of an elliptical arc , a circular arc , a parabolic arc , a hyper each linking curved edge and a length of any one of the 
bolic arc and a cycloidal arc . two curved edges adjacent to the linking curved edge is 

3 . The resonance structure of bulk acoustic wave resona between 1 : 5 and 1 : 50 . 
tor according to claim 1 , wherein said at least three curved 60 14 . The resonance structure of bulk acoustic wave reso 
edges include at least one circular arc , a chord is formed by nator according to claim 13 , wherein said contour formed by 
connecting two endpoints of each curved edge , a center of connecting said at least three curved edges and said at least 
each circular arc is located on a perpendicular bisector of the one linking curved edge is a smooth curve without the 
corresponding chord . presence of a singular point . 

4 . The resonance structure of bulk acoustic wave resona - 65 15 . The resonance structure of bulk acoustic wave reso 
tor according to claim 3 , wherein each circular arc is a minor nator according to claim 13 , wherein said number of said at 
arc or a semi - circle . least three curved edges is equal to said number of said at 
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least one linking curved edge , two endpoints of each curved 23 . The resonance structure of bulk acoustic wave reso 
edge are connected with two linking curved edges respec - nator according to claim 13 , wherein a chord is formed by 
tively . connecting two endpoints of each curved edge , a convex 

16 . The resonance structure of bulk acoustic wave reso polygon is formed by extending all chords and connecting 

nator according to claim 13 , wherein said at least three 5 ree 5 all the extended chords , wherein said number of said at least 
three curved edges is equal to a number of the sides of said curved edges include at least one selected from the group convex polygon . consisting of an elliptical arc , a circular arc , a parabolic arc , 24 . The resonance structure of bulk acoustic wave reso a hyperbolic arc and a cycloidal arc . nator according to claim 23 , wherein said at least three 

17 . The resonance structure of bulk acoustic wave reso 10 curved edges include three curved edges , said convex poly nator according to claim 13 , wherein said at least three 10 gon is a triangle , each interior angle of said convex polygon 
curved edges include even number of curved edges , a chord is greater than or equal to 45° and less than or equal to 90° . having a chord length a is formed by connecting two 25 . The resonance structure of bulk acoustic wave reso endpoints of each curved edge , a sagitta d is defined as the nator according to claim 23 , wherein said at least three 
maximum distance between each curved edge and its cor 15 curved edges include four curved edges , said convex poly responding chord , wherein : gon is a convex quadrilateral , each interior angle of said 

convex polygon is greater than or equal to 60° and less than 
or equal to 135º . 

26 . The resonance structure of bulk acoustic wave reso 
20 nator according to claim 23 , wherein said at least three 

curved edges include five curved edges , said convex poly 
18 . The resonance structure of bulk acoustic wave reso gon is a convex pentagon , each interior angle of said convex 

nator according to claim 13 , wherein said at least three polygon is greater than or equal to 65º and less than or equal 
curved edges include odd number of curved edges , a chord to 170° . 
having a chord length a is formed by connecting two 25 27 . The resonance structure of bulk acoustic wave reso 
endpoints of each curved edge , a sagitta d is defined as the nator according to claim 13 , wherein a chord is formed by 
maximum distance between each curved edge and its cor connecting two endpoints of each curved edge , at least one 
responding chord , wherein : of the curved edges is symmetric with respect to a perpen 

dicular bisector of the corresponding chord 
30 28 . The resonance structure of bulk acoustic wave reso 

nator according to claim 13 , wherein a chord is formed by 
connecting two endpoints of each curved edge , each curved 
edge is symmetric with respect to a perpendicular bisector of 

19 . The resonance structure of bulk acoustic wave reso the corresponding chord . 
nator according to claim 13 , wherein said at least three 35 35 29 . The resonance structure of bulk acoustic wave reso 

nator according to claim 13 , wherein a chord is formed by curved edges include at least one circular arc , a chord is connecting two endpoints of each curved edge , each curved formed by connecting two endpoints of each curved edge , a 
center of each circular arc is located on a perpendicular edge is located within the range between two perpendicular 
bisector of the corresponding chord . lines perpendicular to the corresponding chord and passing 

20 . The resonance structure of bulk acoustic wave reso - 40 40 through two endpoints of the corresponding chord respec 
nator according to claim 19 , wherein each circular arc is a tively . 

30 . The resonance structure of bulk acoustic wave reso minor arc or a semi - circle . nator according to claim 13 , wherein each curved edge has 21 . The resonance structure of bulk acoustic wave reso the same curved edge length . nator according to claim 19 , wherein each circular arc has 
the same arc length . 45 31 . The resonance structure of bulk acoustic wave reso 

22 . The resonance structure of bulk acoustic wave reso nator according to claim 13 , wherein each linking curved 
nator according to claim 19 . wherein each curved edge is a edge has the same linking curved edge length . 
circular arc . 
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